perforation or electric damage in the muscularis propria was seen in 4% of lesions. In terms of factors with the potential to effect procedure time, lesion size and pathological invasion depth were significantly different between shorter and longer treatment times for granular-type laterally spreading tumors (LST). Key Messages: A granular-type LST of <40 mm is a good lesion for introducing colorectal ESD to trainees. Trainees should have a strong ability to make a depth diagnosis before starting ESD.
Introduction
The use of endoscopic submucosal dissection (ESD) for large colorectal neoplasms is gradually increasing because the procedure has a low incidence of local recurrence and shows histologically accurate evaluation of the neoplasm as a result of en bloc resection, regardless of tumor size. However, the procedure also has several disadvantages, including technical difficulty and the risk of perforation. Good clinical short-term outcomes have been reported, especially from Japan, even though these procedures are considered to have been performed largely by endoscopists with limited skills in major institutions [1] [2] [3] [4] [5] [6] [7] [8] [9] . Given the limited experience, the clinical short-term outcomes of general endoscopists new to ESD should be evaluated to enable the further widespread use of this procedure, in particular through improvements in the training process. Accordingly, various surgical parameters and outcomes need to be examined in regards to lesion characteristics during the training process in order to recommend lesions with the appropriate characteristics for training less-experienced endoscopists.
We have previously reported the clinical outcomes of colorectal ESD performed by trainees and clarified the learning curve for this procedure. We found that trainees required experience with >30 cases to perform colorectal ESD without guidance from an experienced specialist [10] . However, one of the study limitations was that the results were calculated based on the experience of only 2 endoscopists in training. An additional study was needed to validate the data for the treatment outcomes using a much greater number of less-experienced endoscopists.
The aims of this study were to re-evaluate the clinical outcomes of ESD when conducted by less-experienced endoscopists and to suggest recommendations for the introduction of ESD to trainees.
Methods
We retrospectively reviewed the clinical outcomes of 164 patients with 164 colorectal neoplasms who underwent ESD by 20 trainees who were performing their first colorectal ESDs under the guidance of experienced specialists at the National Cancer Center, Tokyo, Japan, between April 2005 and March 2012. For each operator, clinical data were collected between the first and 30th cases. We conducted this study in accordance with the guidelines of our institutional review board, which approved this retrospective study without the need for informed consent. All of the patients provided written informed consent for the colonoscopy and ESD.
Indications for Colorectal ESD
A requirement for endoscopic treatment was that the lesions had to show a noninvasive pattern upon magnifying chromoendoscopy. An invasive pattern was considered to be characterized by irregular and distorted pits in a demarcated area, suggesting deep submucosal invasion ( ≥ 1,000 μm) and thus a high risk of lymph node metastasis. A noninvasive pattern was one not showing these characteristics, suggesting intramucosal neoplasia or superficial submucosal invasion (<1,000 μm) [11, 12] . We defined the indications for ESD as: (1) a laterally spreading tumor (LST) non-granular (LST-NG)-type lesion of >20 mm in size, (2) an LST granular (LST-G) nodular mixed-type lesion of >30 mm in sizethese lesions have a high submucosal invasion rate and require histologically accurate removal by en bloc resection -and (3) large villous tumors, recurrent lesions and residual intramucosal lesions showing the nonlifting sign after endoscopic mucosal resection were also considered candidates for ESD.
ESD Procedure
The trainees performed the procedure using a ball-tip-type bipolar needle knife (B-B knife; XEMEX Co., Tokyo, Japan), in which the electrical current localizes to the needle tip with carbon dioxide insufflations [1, 13] . Bipolar coagulation forceps were also routinely applied to stop active bleeding and decrease the risk of perforation. The lesion margins were clearly delineated before circumferential incision using a 0.4% indigo carmine dye spray. After injecting 10% glycerol and 5% fructose in a normal saline solution (Glyceol; Chugai Pharmaceutical Co., Tokyo, Japan) and sodium hyaluronate into the submucosal layer under the tumor, the trainees incised the mucosa with the B-B knife about 2-3 mm outside the lesion edge on the elevation caused by the submucosal injection. An additional submucosal injection of the same solution was then applied before ESD to prevent perforation. An insulated-tip knife (IT knife; Olympus Optical Co., Tokyo, Japan) or B-B knife was used to dissect the submucosal layer. The electric current used for the circumferential incision and submucosal dissection was set to endocut mode (effect 3; output 50 W; ERBE ICC-200; ERBE Elektromedizin GmbH, Tübingen, Germany).
Histopathological Assessment
All resected specimens were fixed in 10% buffered formalin and were cut into 2-mm-thick slices. These were embedded in paraffin, cut into 3-μm sections, stained with hematoxylin and eosin, and microscopically examined for histopathologic type by pathologists specializing in gastrointestinal pathology.
Resections were evaluated according to the presence of tumor cells at the margins of the resected specimen, independent of its histopathological features, as follows: R0 resection -all margins were negative for cancer cells; R1 resection -cancer except for adenoma cells extending to the lateral or basal margins, and Rx resection -the margins could not be evaluated. The histopathological diagnoses were based on the Japanese classification criteria for cancer of the colon and rectum and the Vienna classification system [11, 14] .
Statistical Analysis
For evaluating the technical aspect of the ESD procedure, the endoscopic characteristics of the lesions, procedure time, en bloc resection rate, R0 resection rate, invasion depth and complications were evaluated. For comparisons between groups, the variables were analyzed with the Kruskal-Wallis test for data showing nonnormality and the χ 2 test for nominal scale data. In terms of the group comparison, we compared factors that can affect the procedure time, and divided the lesions into 2 groups on the basis of whether or not the procedure required more than 2 h. All statistical analyses were performed using STATA 10.0 (StataCorp, College Station, Tex., USA). All tests were two-sided, and p < 0.05 was considered statistically significant by Fisher's exact probability test.
To categorize the lesions for the statistical analysis, the procedure time was considered with respect to acceptability in practice. A cut-off time of 2 h was decided based on the results of the prospective multicenter study of colorectal ESD reported by Saito et al. [2] , in which the mean procedure time was approximately 2 h. 
Colorectal ESD by Trainees

Results
The number of treatments performed by each endoscopist was as follows: 16 performed less than 15 colorectal ESDs, while 4 performed about 30 cases. The clinical characteristics of the resected lesions are shown in table 1 . The median lesion size was 30 mm (interquartile range 24-40); the lesion locations were the colon (n = 84), rectum (n = 63) and cecum (n = 17). In terms of the ma croscopic type, 87 lesions were the LST-G type, 52 the LST-NG type, 15 the protruded type and 10 were local recurrence after initial endoscopic treatment. Table 2 summarizes the short-term outcomes of ESDs. The median procedure time was 95 min and about 75% of all lesions were resected within 120 min. Apparent perforation or electric damage in the muscularis propria layer was seen in 7 lesions (4%). They were able to be monitored using only conservative treatment with antibiotics. Minor bleeding occurred in almost all resections, but blood transfusion was not required because hemostasis was achieved during the procedure. Delayed bleeding after ESD occurred in 5 lesions (3%). All these cases were successfully treated with endoscopic hemostasis without blood transfusion. En bloc resection was achieved in 95% of all procedures. In terms of pathological evaluation, 92% were judged as an R0 resection. When we analyzed the short-term outcomes of median procedure time (interquartile range), en bloc resection rate and perforation rate according to the macroscopic type, the results were as follows: 120 (20-480) min, 93 and 6% in the LST-G type; 85.5 (30-210) min, 100 and 0% in the LST-NG type; 70 (30-190) min, 100 and 7% in the protruded type, and 105 (18-540) min, 90 and 10% in the recurrent lesion. Table 3 shows the results of the analysis for factors with the potential to affect the procedure time. For the LST-G type, the lesion size and pathological depth of invasion were significantly different between procedures of <2 h in duration and those of ≥ 2 h. However, for the LST-NG type, no significant differences were observed in the various examined parameters between the shorter and longer procedure times.
Discussion
We described here the short-term outcomes following ESD performed by less-experienced endoscopists. Most of the short-term outcomes reported previously were considered to be based on the clinical outcomes of ESDs performed by experienced endoscopists in highly advanced institutions. Therefore, considering standardization, we believe that our study has considerable meaning for less-experienced endoscopists. In our previous study, we analyzed the proportion of complete procedures, that is, those completely performed by the trainee without any technical assistance. LST-NG and recurrent lesions were found to be significantly more difficult than LST-G-type lesions. We concluded that the LST-G lesion was a suitable one for training less-experienced endoscopists to perform colorectal ESD. In terms of the results of the present study, we analyzed the clinical short-term outcomes for both LST-G and LST-NG lesions. We found that the outcomes for LST-NG were extremely good; en (53) 37 (23) 15 (9) 15 (9) 10 (6) Histological depth, n Intramucosal Submucosal <1,000 μm ≥1,000 μm 140 (85) 15 (9) 9 (6) Values in parentheses are either percentages or interquartile range. bloc resection was achieved for all lesions without any adverse events. Moreover, no significant differences were found in the clinical outcomes according to procedure time. However, these results would have been influenced by an experienced endoscopist's assistance.
Meanwhile, for the LST-G-type lesions, significant differences were observed in the lesion size and invasion depth according to the procedure time. Hence, lesions of a greater size and invasion depth required a longer procedure when less-experienced endoscopists tried to resect them by ESD. In general, LST-G lesions seem to resect more easily than LST-NG lesions because of the good lifting after submucosal injection. The combination of the good lifting and the low incidence of perforation during submucosal dissection is the primary reason we consider LST-G lesions to be suitable for introducing ESD to trainees.
Various factors can influence the technical difficulty of ESD, such as lesion location and size. With respect to lesion location, the probability that the lesion has bridged over the haustra is increased with lesion size. If the lesion is located on the haustra or flexion site, the ESD procedure could be more difficult than in other situations. Hence, the statistically significant differences in lesion size for the procedure time with the LST-G type might reflect this potential difference between smaller and larger lesions.
The present study also found that the depth of invasion of the lesions influenced the procedure time. Tumor invasion into the submucosal layer is generally associated with submucosal fibrosis, which can decrease the safety of the ESD procedure [15] [16] [17] . Additionally, the technical difficulty of the procedure is strongly related to the risk of perforation. Perforation during ESD and closure using an endoclip could have an influence on abdominal dissemination, implantation and local luminal recurrence. Therefore, endoscopists should have a strong ability for depth diagnosis. With respect to this, some previous reports have shown that high diagnostic performance is a predictive factor for successful colorectal ESD [12, [18] [19] [20] [21] [22] [23] . Hence, trainees should increase their diagnostic ability using magnifying endoscopy prior to starting colorectal ESD. If the trainees estimate lesions as a submucosal invasive cancer, endoscopic resection for diagnostic purposes should be avoided.
An important issue in the standardization of colorectal ESD is perforation, which is related to the thickness of the colonic wall. In this study, we observed a perforation rate of 4%. Saito et al. [2] reported the results of a large-scale, prospective, multicenter study of colorectal ESD. In this previous study, the clinical outcomes were analyzed according to the total number of colorectal ESDs. The perforation rate was about 5% in the experienced group. Hence, the perforation rate in the present study should be considered to be within an allowable range. Moreover, this relatively low rate likely resulted from the presence of experienced endoscopists. In other words, trainees in the initial stages of colorectal ESD should perform under the guidance of experienced endoscopists with a great deal of familiarity with the procedure to ensure its safety. Addi- tionally, patients who are judged to have a perforation can be treated with the administration of antibiotics and abstinence from food. Hotta et al. [24] reported that nonsurgical treatment after perforation caused by colorectal ESD was allowable in the presence of complete closure of the mucosal defect or absence of diffuse peritonitis. It is also important to note that most of the perforations that occurred during the ESD procedure in the present study were minor perforations, and trainees should have knowledge of troubleshooting for perforations. This study had several limitations. First, the clinical data was obtained from only a single center. At present, various devices have been developed for use in ESD and can be selected based on preference. In our institution, we primarily used the B-B knife because of the lower risk of perforation. However, this knife is not in widespread use even in Japan, and its use could have influenced the study results. Second, it was not possible to evaluate the assistance by the supervisors. In our previous study, the completion rate was one of the important outcomes, and trainees required experience with >30 cases to perform colorectal ESD without guidance from an experienced specialist. In the present study, some of the procedures might have been difficult for the trainees to complete alone; therefore, the clinical results may have been influenced from a technical perspective. Given these limitations, a future prospective multicenter study correcting for the completion rate should be performed to better evaluate the practical clinical outcomes.
In conclusion, lesion size had a significant effect on the length of the procedure for trainees performing colorectal ESD. We found that an LST-G-type lesion of <40 mm is likely to be suitable for introducing trainees to ESD. Moreover, resection of a submucosal invasive cancer was technically difficult in a short procedure time. Hence, trainees should be required to have a strong ability to perform depth diagnosis prior to attempting ESD.
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